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The gene encoding MUM1 was characterized as a
possible translocation partner in chromosomal ab-
normalities involving a significant number of mul-
tiple myelomas. The overexpression of the MUM1
protein as a result of translocation t(6;14) (p25;q32)
identified MUM1 as a putative regulatory molecule
involved in B-cell differentiation and tumorigene-
sis. The expression of MUM1 protein in multiple
myelomas supports this hypothesis. In the current
study, using tissue microarray technology, we have
tested the expression of the MUM1 protein in 1335
human malignancies and normal tissues. Our data
show that the MUM1 protein is expressed in a wide
spectrum of hematolymphoid neoplasms and in
malignant melanomas but is absent in other human
tumors. In addition, in tissue microarrays as well as
in conventional paraffin sections, MUM1 staining
was found to lack specificity in detecting plasma-
cytic differentiation as compared with two markers,
CD138/Syndecan and VS38, commonly used in
paraffin immunohistochemistry for detection of
plasma cells.
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Chromosomal translocations involving the immu-
noglobulin heavy-chain (IgH) locus on chromo-
some 14 (14q32) are detected in $60% of cases of
multiple myeloma (1–3). Partner chromosome loci
and genes participating in these translocations in-
volving the IgH region are largely uncharacterized.

Recent investigations show that deregulation of a
novel member of the interferon regulatory factor
(IRF) family of genes, MUM1 (multiple myeloma
1)/IRF4 (also known as LSIRF, Pip, and ICSAT),
results from the translocation t (6;14)(p25;q32), jux-
taposing this transcription factor to the IgH en-
hancer locus (4 –13). Overexpression of the MUM1
protein resulting from this translocation is detected
in multiple myelomas (MM), lymphoplasmacytic
lymphomas (LPL), diffuse large B-cell lymphomas
(DLBCL), and activated T-cells (5, 7–9, 14, 15). Mice
deficient in MUM1 exhibit impaired B- and T-cell
function, absence of plasma cells with a drastic
reduction in serum immunoglobulins, and an ab-
rogated response to B-cell activation (6). Gene mi-
croarray analysis has further shown that the MUM1
gene is preferentially clustered within the gene ex-
pression profile exhibited by activated B-like DL-
BCL, a subset of DLBCL associated with a worse
prognosis (16). These studies implicate a significant
role for MUM1 in tumorigenesis and immune
regulation.

Hematolymphoid neoplasms exhibiting plasma-
cytic differentiation range from low-grade B-cell
lymphomas to multiple myeloma. The recognition
of a plasmacytic component in B-cell neoplasia is
imperative for classification and assessment of bi-
ologic behavior and can be challenging by mor-
phology alone. Thus, markers that reliably detect
plasmacytic differentiation are of diagnostic utility.
Two such markers, CD138 and VS38, are currently
used in paraffin sections. CD138, a member of the
syndecan family of integral membrane proteogly-
cans, is thought to orchestrate cytoadhesive signal-
ing and plays a role in the pathogenesis of multiple
myeloma and in the detection of plasmacytic dif-
ferentiation (17–30). VS38 recognizes a transmem-
brane protein, p63, which resides in the rough en-
doplasmic reticulum and mediates increased
secretory function (31–33). Its lack of reactivity for
B-cell lymphomas, with the exception of follicular
lymphomas and chronic lymphocytic leukemia,
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renders VS38 a useful marker in detecting plasma-
cytic differentiation (31–35).

The goal of the current study was twofold: to
investigate the expression of the MUM1 protein in
lymphoid and nonlymphoid human neoplasms and
to test its utility in detecting plasmacytic differen-
tiation in lymphomas. To investigate MUM1 pro-
tein expression on a large number of human ma-
lignancies, we created tissue microarrays
containing a variety of hematolymphoid and non-
hematolymphoid neoplasms. Paraffin-section im-
munohistochemistry was employed on the tissue
array sections to detect MUM1 protein expression.
Staining for CD138 and VS38 was tested in parallel
in all hematolymphoid neoplasms. To further de-
fine the diagnostic utility of MUM1 in detecting
plasmacytic differentiation, we selectively exam-
ined additional cases of B-cell lymphomas in which
plasmacytic differentiation is conspicuous, includ-
ing LPL and marginal-zone lymphomas (MZL), us-
ing conventional tissue sections of individual cases.
MM were not included for detailed study, as the
expression pattern of all three markers in MM has
been studied previously (9, 14 –15, 22, 25, 30, 33,
36 –38).

MATERIALS AND METHODS

Case Selection
A total of 1335 cases seen at Stanford University

Medical Center comprise this study. Hematoxylin
and eosin (H&E)-stained sections, together with

immunohistologic studies (if performed at the time
of diagnosis) of each case, were reviewed to confirm
the original findings. The majority of these cases
(1209) were used to create five separate tissue ar-
rays as described below, whereas the remaining 126
cases were studied by conventional H&E and
paraffin-section immunohistochemistry. The lym-
phoid neoplasms were classified according to the
Revised European-American Lymphoma classifica-
tion system (39). All cases were selected before
staining for MUM1, CD138, and VS38.

Tissue Microarrays
Representative 600-mM cores were taken from tis-

sue selected by morphology and immunopheno-
type as typical of the specific diagnosis. The tissue
microarrays were created using a tissue arrayer
(Beecher Instruments, Silver Spring, MD) according
to a previously described method (40). The first
tissue microarray contained 265 hematolymphoid
malignancies (lymphoma tissue microarray), as de-
tailed in Table 1. The remaining four tissue mi-
croarrays contained normal tissues and nonhema-
tolymphoid malignancies (944 cases) and are
summarized in Table 2.

Histologic Features on Conventional Sections
To examine the histologic and immunopheno-

typic features of MUM1 protein expression, 126
lymphomas were individually analyzed in detail on
H&E-stained sections. Morphologic parameters, in-

TABLE 1. Tissue Microarray Analysis of MUM1, CD138, and VS38 in Hematolymphoid Neoplasmsa

Diagnosis
MUM1 CD138 VS38

N .20% ,20% 0 % Pos N .20% ,20% 0 % Pos N .20% ,20% 0 % Pos

A Diffuse large B-cell lymphoma 70 36 20 14 51 73 1 1 71 27 87 2 26 59 32
B Follicle center lymphoma 72 11 57 4 17 72 0 2 70 28 72 0 2 70 28
C Marginal zone lymphoma 12 7 5 0 58 15 1 0 14 6 15 2 0 13 13
D Mantle cell lymphoma 8 2 6 0 33 8 0 1 7 12 7 1 3 3 57
E Small lymphocytic lymphoma 7 3 4 0 43 7 0 0 7 0 6 0 5 1 83
F Lymphoplasmacytic lymphoma 2 1 1 0 50 3 0 2 1 66 3 0 2 1 66
G Multiple myeloma 2 2 0 0 100 2 1 1 0 100 2 2 0 0 100
H Posttransplant B-lymphoproliferative disorder 3 2 1 0 67 4 0 1 3 25 4 1 2 1 75
I Burkitt’s lymphoma 1 0 0 1 0 1 0 0 1 0 1 0 0 1 0
J Lymphoblastic lymphoma 9 3 3 3 66 9 0 0 9 0 9 0 1 8 11
K Peripheral T-cell lymphoma 11 8 3 0 72 11 0 0 11 0 11 0 0 11 0
L Anaplastic large cell lymphoma 4 4 0 0 100 4 0 0 4 0 4 0 1 3 25
M Natural killer cell lymphoma 3 1 2 0 33 4 0 0 4 0 4 0 0 4 0
N Systemic mast cell disease 1 0 0 1 0 2 0 0 2 0 2 0 0 2 0
O Malignant histiocytosis 2 0 1 1 50 2 0 0 2 0 2 0 0 2 0
P Sinus histiocytosis with massive

lymphadenopathy
3 0 0 3 0 3 0 0 3 0 3 0 0 3 0

Q Mixed cellularity Hodgkins lymphoma 1 1 0 0 100 1 0 0 1 0 1 0 0 1 0
R Lymphocyte predominance Hodgkins

lymphoma
2 2 0 0 100 2 0 0 2 0 2 0 0 2 0

Total 210 80 103 27 38 223 3 8 212 1.3 245 8 50 187 3

N, number of cases tested (the differences in the numbers of cases tested for each stain vary because of detachment of some tissue cores on slides
cut from the tissue array paraffin block.

a Immunohistologic staining for MUM1, CD138, and VS38 was scored as follows: .20% 5 moderate to intense staining in .20% lesional cells; ,20%
5 low-intensity staining in ,20% lesional; 0 5 no staining in lesional cells; %Pos (positive) 5 percentage of all cases with moderate to intense staining
in .20% lesional cells.
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cluding follicular and diffuse architecture as well as
plasmacytic and monocytoid differentiation, were
assessed. In MZL, the presence or absence of lym-
phoepithelial lesions was also evaluated. These
cases included 28 LPL, 27 MZL, 50 follicle center
lymphoma (FCL), and 21 DLBCL. Of the 27 MZL, 15
involved only lymph nodes and were classified as
nodal MZL, whereas the remaining 12 cases in-
volved mucosal sites and were classified as extran-
odal MZL. The 50 cases of FCL were subclassified as
follows: 14 Grade I (predominantly centrocytes), 11
Grade II (centrocytes and centroblasts), and 25
Grade III (predominantly centroblasts). The cases
of Grades I and II FCL are discussed together be-
cause their clinical behavior is similar to each other
and different from that of Grade III FCL (41).

Immunohistochemistry
Primary antibodies were directed against MUM1

(15), CD138 (Serotec, Oxford, UK), and VS38
(DAKO, Carpinteria, CA). Serial sections of 4 mM

were cut from the tissue array blocks as well as the

conventional paraffin blocks, deparaffinized in xy-
lene, and hydrated in a graded series of alcohol.
Heat-induced antigen retrieval was carried out by
microwave pretreatment in EDTA (1 mM, pH 8.0)
for 15 minutes before staining for MUM1, and in
citric acid buffer (10 mM, pH 6.0), for 10 minutes
before staining for CD138 and VS38. Detection was
carried out using a modified biotin-streptavidin-
horseradish peroxidase method (42). To confirm
nonspecific staining because of endogenous biotin
in tissues such as liver and kidney, sections were
incubated with streptavidin horseradish peroxidase
followed by diaminobenzidine. The resulting hepa-
tocyte and kidney tubular reactivity was diminished
by prior incubation with free avidin followed by free
biotin (43). To avoid this problem in liver and kid-
ney of endogenous biotin, an alkaline phosphatase
detection system (APAAP) was used in these tissues
(44).

The staining for MUM 1 was localized predomi-
nantly to the nucleus, although weak to moderate
cytoplasmic staining was also present in most cases

TABLE 2. Tissue Microarray Analysis of MUM1 Staining in Nonlymphoid Neoplasms and Normal Tissues

Tissue/Organ N Normal Benign Malignant MUM1 Staining

Adrenal 28 9 12 7 0
Appendix 3 2 1 0 0
Bladder 27 1 1 25 0
Breast 256 12 17 60 In situ carcinoma 0

167 Invasive carcinoma 0
Cartilage 1 1 0 0 0
Cervix 12 1 0 11 0
Colon 102 5 7 90 0
Epididymis 4 4 0 0 0
Esophagus 17 2 0 15 0
Eye 1 1 0 0 0
Gall bladder 3 2 0 1 0
Head & neck 31 0 0 31 0
Heart 5 3 2 0 0
Kidney 54 8 2 44 0
Liver 36 8 9 19 0
Lung 64 4 0 60 0
Lymph node 9 9 0 0 9
Muscle, skeletal 9 9 0 0 0
Nerve 3 3 0 0 0
Ovary 37 2 0 35 0
Pancreas 14 1 1 12 0
Parathyroid 8 7 1 0 0
Placenta 2 2 0 0 0
Prostate 47 12 0 35 0
Salivary gland 3 3 0 0 0
Skin 27 2 1 22 Melanoma 5/22

1 Basal cell carcinoma
1 Adenocarcinoma

Small bowel 6 6 0 0 0
Soft tissue 7 7 0 0 0
Spleen 2 2 0 0 0
Stomach 31 4 0 27 0
Testis 16 3 0 13 0
Thymus 6 5 1 0 0
Thyroid 29 9 0 20 0
Uterus 43 4 5 34 0
Vulva 1 0 0 1 0

Total 944 153 60 731 14/944

N, number of cases tested; MUM1 staining, cases in which lesional cells exhibited staining for MUM1.
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with nuclear positivity. Staining in .20% of lesional
cells was scored positive, as defined by Tsuboi et al.
(14). Staining localized to the plasma membrane
was considered positive for CD138, and staining
localized to the cytoplasm was considered positive
for VS38.

RESULTS

Expression of MUM1, CD138 and VS38 in Tissue
Microarrays

The results of immunohistologic studies for
MUM1, CD138, and VS38 on the lymphoma tissue
microarray are summarized in Table 1 and shown
in Figures 1 and 2. Staining for CD138 was seen in
3 of 223 cases (1.3%), including one DLBCL, one
MZL, and one MM. Staining for VS38 was seen in 8

of 245 cases (3%), including two DLBCL, two MZL,
one MCL, two MM, and one post-transplant lym-
phoproliferative disorder (PTLD). In contrast to the
relatively restricted staining for CD138 and VS38,
staining for MUM1 was detected in 80 of 210 cases
(38%) of lymphoid malignancies, indicating a lack
of specificity for plasmacytic differentiation. Of
note, 17% of FCL also showed MUM1 staining
(eight of Grade III, two of Grade II, and one of
Grade I). On the tissue microarrays of nonhema-
tolymphoid malignancies and nonneoplastic tis-
sues, no MUM1 staining was seen in any of the
tissue types tested, with the exception of 5 of 22
melanomas (Table 2 and Fig. 3).

Expression of MUM1, CD138 and VS38 in
Conventional Tissue Sections

The histologic features of the 126 B-cell lympho-
mas individually analyzed on conventional sections
are summarized in Table 3. The cases of LPL were
composed of a relatively diffuse proliferation of
predominantly small lymphocytes ranging from
mature lymphocytes to plasmacytoid lymphocytes
to plasma cells. The cases of nodal MZL exhibited
prominent monocytoid cells with expansion of the
marginal zone. Ten cases showed a vague nodular
architecture, although interfollicular and sinusoidal
involvement by lymphoma was present. A subset of
cases showed a plasmacytic component and follic-
ular colonization. The cases of extranodal MZL
showed proliferations of small monocytoid cells
and lymphoepithelial lesions with variable degrees
of destruction of the epithelium. Four of the 12
extranodal MZL showed areas of plasmacytic differ-
entiation on H&E-stained sections. The cases of
FCL showed nodular architecture, with crowded
follicles ranging in cellular composition from pre-
dominantly centrocytes to predominantly centro-
blasts. The cases of DLBCL showed a sheetlike
growth pattern composed of atypical large cells
with vesicular chromatin and prominent nucleoli.
In five cases (two LPL, two extranodal MZL, and one
Grade I FCL), probable progression to DLBCL was
detected on histologic sections and corroborated by
increased staining for the proliferation antigen,
Ki-67.

The immunohistologic findings in 126 B-cell lym-
phomas are summarized in Table 3. Expression of
MUM1 protein was detected in all categories of
lymphoma, although the number of stained cells
was variable, confirming the findings in the tissue
microarrays. The staining for MUM1 was moderate
to strong and predominantly localized to the nu-
cleus. Weak cytoplasmic staining was seen in a
minority of the cells, but no cases showed only
cytoplasmic staining in the absence of nuclear
staining. In LPL and MZL, MUM1 staining not only

FIGURE 1. Lymphoma tissue microarray results of MUM1, CD138,
and VS38 staining depicted graphically show MUM1 staining in a
variety of lymphomas, whereas CD138 and VS38 staining shows
restricted expression. The lettered labels for each column correspond to
the diagnoses listed in Table 1 and are as follows. A, diffuse large B-cell
lymphoma; B, follicle center lymphoma; C, marginal-zone lymphoma;
D, mantle cell lymphoma; E, small lymphocytic lymphoma; F,
lymphoplasmacytic lymphoma; G, multiple myeloma; H, posttransplant
B-lymphoproliferative disorder; I, Burkitt’s lymphoma; J, lymphoblastic
lymphoma; K, peripheral T-cell lymphoma; L, anaplastic large-cell
lymphoma; M, natural killer cell lymphoma; N, systemic mast cell
disease; O, malignant histiocytosis; P, sinus histiocytosis with massive
lymphadenopathy; Q, mixed-cellularity Hodgkin’s lymphoma; R,
lymphocyte predominance Hodgkin’s lymphoma. The numbers above
each column correspond to numbers of cases tested under each
category and are also indicated as N in Table 1.

Analysis of MUM1/IRF4 Protein Expression (Y. Natkunam et al.) 689



highlighted areas of plasmacytic differentiation but
also detected cells without apparent plasmacytic
morphology (as compared with histologic sections).

In DLBCL and FCL, the stained cells did not re-
veal plasmacytic morphology (Fig. 4), except in a
small number of cells (~1%), which most likely rep-
resent scattered normal plasma cells (positive in-
ternal controls). More than 20% of lesional cells
were stained in 15 of 28 (53%) cases of LPL, closely
followed by cases of DLBCL (43%), MZL, (40%), and
Grade III FCL (40%). In contrast, only a minority of
cases of Grades I and II FCL (8%) were immunore-
active for MUM1. In the five cases in which pro-
gression to DLBCL was detected, MUM1 staining
was not increased in areas exhibiting progression
and did not correlate with Ki-67 staining. In a sub-
set of cases of FCL (five of Grade I, one of Grade II,
and one of Grade III), MUM1 staining showed an
unusual geographic pattern. In these cases, 20 to
50% of the cells comprising the outer edges of the
follicle stained for MUM1, whereas only 5 to 10% of
the cells comprising the central portions of the
follicles were stained. The MUM1-immunoreactive
cells displayed atypical cytologic features (Fig. 5).

Comparative immunohistologic studies for
MUM1, CD138, and VS38 are summarized in Table
3 and shown in Figure 6. The cases of LPL and MZL
exhibited variable staining for MUM1, CD138, and
VS38. Although all 3 markers stained cells with ap-
parent plasmacytic differentiation, MUM1 also
stained cells without plasmacytic differentiation.

DISCUSSION

The gene encoding MUM1 was characterized as a
putative translocation partner in chromosomal ab-
normalities involving the IgH locus evident in up to
62% of MM. The overexpression of the MUM1 pro-
tein as a result of translocation t (6;14) (p25;q32)
identified MUM1 as a potentially significant mole-
cule in the regulation of terminal B-cell differenti-
ation. The expression of MUM1 protein in MM
supports this hypothesis. However, prior immuno-
histochemical studies on small numbers of cases
have shown that MUM1 expression is not limited to
MM or to plasmacytic cells (5, 7–9, 14, 15). In the
current study, using tissue microarrays, we have

FIGURE 2. Lymphoma tissue microarray stained for MUM1. (A) Examples of strong, weak, and no staining in cases of diffuse large B-cell
lymphoma (magnification 320); (B) a core of diffuse large B-cell lymphoma with strong nuclear and weak to moderate cytoplasmic staining for
MUM1 (magnification 3250).

690 Modern Pathology



tested the expression of the MUM1 protein in a
large number and variety of human malignancies.
Our data confirm and expand observations re-
ported in prior studies (5, 7–9, 14, 15) and indicate
that the MUM1 protein is expressed in a wide spec-
trum of hematolymphoid neoplasms and in malig-
nant melanomas but is absent in other human
tumors.

Staining for MUM1 was detected in all types of
hematolymphoid neoplasms tested in our study
with the exception of Burkitt’s lymphoma, mast
cell, and histiocytic disorders, although only a few
cases in these particular categories were tested. A

total of 56% of T and natural killer (NK)-cell lym-
phomas stained for MUM1, of which cases of ALCL
(100%) and PTCL (72%) were the most conspicu-
ous. A total of 35% of B-cell neoplasms stained for
MUM1, with strong staining in MM (100%), DLBCL
(51%), MZL (58%), LPL (50%), PTLDs (67%), and
Hodgkin’s disease (100%). Our data on tissue mi-
croarrays corroborate and extend paraffin immu-
nohistologic findings of MUM1 expression and lo-
calization in lymphoid malignancies reported
recently (14 –15). The slightly lower numbers of
MUM1 staining in DLBCL obtained in our study
(51%), compared with that of the prior two papers

TABLE 3. Summary of Histologic Findings and Comparative Staining for MUM1, CD138, and VS38 on Conventional

Paraffin Sections

Diagnosis N
Histologic Features Immunohistologic Staining

FL DIF PL MO LEL MUM1 Positive (%) CD138 Positive (%) VS38 Positive (%)

Lymphoplasmacytic lymphoma 28 0 26 26 0 0 15/28 (53) 9/28 (32) 8/26 (31)
Nodal marginal-zone lymphoma 15 10 5 5 15 0 6/15 (40) 2/15 (13) 3/13 (23)
Extranodal marginal-zone lymphoma 12 0 12 4 12 9 5/12 (42) 3/12 (25) 0/11 (0)
Follicle center lymphoma (I/II) 25 25 0 0 0 0 2 /25 (8) NT NT
Follicle center lymphoma (III) 25 25 0 0 0 0 10/25 (40) NT NT
Diffuse large B-cell lymphoma 21 0 21 0 0 0 9/21 (43) NT NT

N, number of cases tested; FL, follicular architecture; DIF, diffuse architecture; PL, plasmacytic differentiation; MO, monocytoid differentiation; LEL,
lymphoepithelial lesions; Positive %, percentage of total number of positive cases (moderate to intense staining in .20% lesional cells for MUM1, CD138,
and VS38 was designated positive); NT, not tested.

FIGURE 3. Tissue microarray stained for MUM1 highlights strong nuclear and weak to moderate cytoplasmic staining in cores of malignant
melanoma (magnification 320 and 3250).
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(73% and 75%), are most likely due to differences in
case selection and/or sensitivities of immunohisto-
chemical detection systems. As a putative member
of the IRF family (4 –9), the localization of MUM1
protein to the nucleus is in keeping with a tran-
scriptional role for this molecule. In a subset of
cells, weak to moderate cytoplasmic staining was
also seen, although cytoplasmic staining alone was
not detected in our cases or in those reported by
other authors (14 –15). A second detection system,
APAAP, was used in this study to circumvent the
cytoplasmic staining due to endogenous biotin ob-
served in some tissues when stained with a
streptavidin-biotin-based detection system.

In normal germinal centers (GC), MUM1 is ex-
pressed by ~3 to 10% of centrocytes located mainly
in the light zone in contact with a meshwork of

follicular dendritic cells (15). MUM1 expression
most likely corresponds to activated B cells in this
location. This staining pattern is mutually exclusive
to that of BCL-6, a marker of GC derivation (15). In
addition, in gene microarray analysis, MUM1 seg-
regates with the expression profile of activated
B-like DLBCL, a subset of DLBCL associated with a
poor outcome (16). Double-labeling immunohisto-
chemistry for BCL-6 and MUM1 show co-
expression of the two proteins in 50% of DLBCL
(15). Although MUM1 expression may mark matur-
ing B cells most likely to exit the germinal center, it
is yet to be established whether MUM1 expression
correlates with B-cell neoplasia of post-GC deriva-
tion. Our results on tissue microarrays of MUM1
protein expression show that this protein is widely
present in B-cell lymphomas, including those
thought to be derived from germinal centers and
precursor B-cells. In addition, the expression of the
MUM1 protein in T-cell- and NK-cell-derived
lymphomas suggests that this protein may play a
role in the regulation of a much larger spectrum
of lymphoid malignancies than was previously
recognized.

In tissue microarrays and in FCL cases analyzed
individually by conventional paraffin immunohis-
tochemistry, staining for MUM1 was detected in
23% of FCL. Falini et al. (15) report MUM1 staining
in a subset of FCL, although Tsuboi et al. (14),
report absence of staining in all cases of FCL. We
have tested a larger number of cases of FCL (122 in
total) for expression of the MUM1 protein than
reported in these earlier studies (15 cases each;
14 –15). Among FCL cases in our study, 79% of the
MUM1-positive cases were Grade III FCL, whereas
the remaining 21% were Grades I and II FCL. More-
over, in a subset of FCL, the MUM1 staining ap-
peared to highlight cells located on the outer edges

FIGURE 4. Immunohistologic studies for MUM1 on conventional
tissue sections of diffuse large B-cell lymphoma (A and B,
magnification 3250), and follicle center lymphoma, Grade III (C and D,
magnification 3250).

FIGURE 5. Immunohistologic staining for MUM1 on conventional
tissue sections of follicle center lymphoma, Grade 1: (A) hematoxylin-
and eosin-stained section with numerous neoplastic follicles
(magnification 320); (B) MUM1 staining is more prominent on the
outer edges of the follicles (magnification 320); (C) the center of a
follicle shows scattered atypical cells stained for MUM1 (magnification
3250); (D) the edge of a follicle shows higher numbers of atypical cells
stained for MUM1 (magnification 3250).

FIGURE 6. Immunohistologic studies for MUM1, CD138, and VS38
on conventional tissue sections of lymphoplasmacytic lymphoma and
marginal-zone lymphoma. MUM1 staining is predominantly localized
to the nucleus, whereas CD138 staining highlights the cell membranes,
and VS38 staining is present within the cytoplasm (magnification
3250).
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rather than in the center of the follicles. This obser-
vation raises the question of whether MUM1 ex-
pression indicates either a different stage in matu-
ration or neoplastic transformation of these follicle
center B-cells.

The diagnostic utility of MUM1 in paraffin sec-
tions in detecting specific types of lymphomas or of
the plasmacytic component of B-cell lymphomas
was not substantiated in the current study. Under
the study conditions we describe, CD138 and VS38
were more effective and specific in detecting plas-
macytic differentiation in tissue microarrays as well
as in individually tested cases of LPL and MZL. Our
findings of the immunoreactivity of CD138 and
VS38 in LPL and MZL with and without plasmacytic
differentiation are entirely in agreement with pre-
vious studies for these markers (24, 25, 27, 28, 45–
48). Although careful morphologic correlation of
consecutive sections in cases immunoreactive for
all three markers revealed similar patterns of distri-
bution of stained cells, MUM1 consistently stained
a larger number of lesional cells than did CD138 or
VS38. The lesional cells immunoreactive with
MUM1 did not necessarily show plasmacytic differ-
entiation, suggesting that MUM1 protein expres-
sion may precede the expression of the CD138 and
VS38 proteins in B-cell differentiation. Thus, MUM1
may not be a valuable diagnostic tool in the sepa-
ration of categories of lymphomas or types of dif-
ferentiation within B-cell lymphomas. It may, how-
ever, play an important prognostic role in
categories of lymphomas with a worse prognosis, as
illustrated in gene microarray profiling (16).

The strong expression of the MUM1 protein in
nuclei of a subset of melanomas is of interest. Dur-
ing initial cloning and characterization of the hL-
SIRF mRNA encoding the MUM1 transcription fac-
tor, mRNA expression was noted in a melanoma
cell line and in normal melanocytes (8). Our data
show that MUM1 is present in a subset of malig-
nant melanomas. More extensive characterization
of MUM1 expression in melanomas is underway
and will be reported separately.

In summary, our results show that the murine
monoclonal antibody directed against the MUM1
protein we used in this study (15) is capable of
detecting MUM1 protein expression in a wide vari-
ety of B-, T-, and NK-cell lymphomas and in a
subset of melanomas. No MUM1 expression was
found in a large number of other human malignan-
cies tested. Optimum staining for MUM1 was seen
in formalin-fixed sections and was predominantly
localized to the nucleus in all immunoreactive
cases. Although paraffin-section immunohisto-
chemistry for MUM1 protein expression is amena-
ble to routine diagnostic pathology, its expression
pattern in a wide variety of lymphoid malignancies
may limit its utility in the differential diagnosis of

lymphoid neoplasms. In addition, because MUM1
is expressed in normal germinal centers, it is also
not particularly useful as a phenotypic marker of
lymphoid neoplasia. However, the expression pat-
tern of MUM1 in lymphomas, together with its co-
operative participation with transcription factor
PU.1 at the immunoglobulin enhancer locus (11–
13), suggests that it may have a regulatory role in
lymphomagenesis. Further molecular and func-
tional studies are needed, however, to substantiate
this consideration.
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